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MULTIPLE NUCLEIC ACID SEQUENCES 

(57) Abstract 

This invention relates to a process of identifying individuals or determining paternity by using Multiple Presence Polymor- 
phic (MPP) probes. The invention also relates to Test Kits and Probes based on the process. The procedure uses multiple nucleic 
acid probes in separate hybridization tests, such as in different wells of a microtiter plate. The probes bind to nucleic acid se- 
quences in some individuals, but not to others. The hybridization results convert to a unique pattern that can be used to identify 
an individual. 
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IDENTIFI CATION AND PATERNITY 
DETERMINATION BY DETECTING PRESENCE OR 
ABSENCE OP MULTIPLE NUCLEIC ACID SEQUENCES 



Technical Field 

5 The present invention relates to DNA 

fingerprinting. 

Background of the Invention 

The present invention relates to a process for 
producing a pattern of hybridization results that 
10 can be used to identify and distinguish human, other 
animal, or plant individuals. Traditionally, this 
type of identification is called "Nucleic Acid (DNA) 
Fingerprinting" or "DNA Profiling" because the 
uniqueness of nucleic acid banding patterns is 
15 conceptually similar to human fingerprints. The 
current method of DNA Fingerprinting requires the 
use of Southern Blotting. The method, according to 
the invention, is simple to perform, requires no 
interpretation, and provides results which convert 
to a simple bar code for computer storage and 
retrieval . 



20 



25 



The Southern Blot 

Nucleic acid hybridization has been employed as 
a common methodology for greater than 25 years. The 
current method of DNA Fingerprinting uses a modern 
Molecular Biology hybridization technique known as 
Southern Blotting 1 . The Southern blot has been a 
mainstay of molecular biologists since its invention 
in 1975. In the Southern blot method, DNA molecules 
30 must first be isolated from other cellular 

components by one of a variety of extraction 
methods. After extraction, the somewhat pure DNA is 
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then cut with on. or more restriction enzymes, 
generating a specific set of DMA fragment,,. 
Following dna cutting, the fragmented DNA is 

5 T„rsta„ d by /. leCtr0Ph0reSiS ^ *" 

on th! Chni9Ue " SOlVes DNA f «9M«t= based 

different^ 6 — — greater 

differentiating power than other sizing procedures 

STforcToT 8 °r ot pass through tte 

slowr„ 1 before, large molecules migrate more 
Slowly. The ge i resolves the DNi " 

rones or bands of unique size 

-sta b , H ° WeVer ' ^ agar ° Se 961 d ° es not P~vide a 
15 reaction"^ SUbs ^ hybridization 

^ Co "^-tly, the DNA is transferred from 

the gel to a solid support membrane, usually 
composed of nylcn or nitrocellulose. The DNA is 

transferred by either capillarv acts™, 

. „ --"piiiary action or vacuum 

^ force onto the membrane where it binos to the 
2 ° surface. The DNA is permanently fixed to the 

membrane by drying or ultraviolet light 

cross-linking. 

^The membrane is prehybridized in a special 
solution to block any non-specific binding sites 
'« The membrane is then placed into a solution 

permifh"! labeleQ ' """^ ^ — to 
permit hybridization to the complementary target 

molecules. Many factors affect the rate, extent 

and specificity of the hybridization reaction ' 

base ^ brl<Ji2ation is «» *— « of complementary 
base pairing of single stranded nucleic acids. This 
binding results in formation of highly specific 
double stranded nucleic acid, one of the single 
strands typically is labeled such that it can later 
. be measured or otherwise detected as part of a new 
hybrid. The hybrid molecules are generally 
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separated from residual single stranded material, so 
that the hybridized label can be detected in the 
absence of unhybridized label. After the reaction, 
excess probe is washed away by a series of washing 
5 steps in detergent and dilute salt solutions. 

If the probe was radioactively labeled with 32 P, 
then autoradiography may be used to locate the 
position of any DNA band to which the probe is 
bound. The membrane is simply placed next to a 
10 piece of X-ray film for several minutes to several 
days and then the film is developed. Wherever the 
radioactive particles strike the film, a dark region 
is formed and the target DNA can be identified. The 
probe may also be labeled, non-isotopically, and can 
15 be located using the appropriate detection 

methodology, such as fluorescence spectrophotometry, 
colorimetry and chemiluminescence detection. 

By Southern blotting, the size of the exact 
fragment which bound the labeled probe is 
20 pinpointed. The Southern technigue gave rise to 
high resolution hybridization analysis, and has 
formed the basis of conventional DNA Fingerprinting 
technigues. 

Conventional DNA Fingerprinting 

25 A conventional methodology used to show a 

fingerprint Uses probes exhibiting restriction 
enzyme fragment length polymorphism (RFLP) w or 
allelic variation 2 -*, by Southern Blot technology. 
These conventional polymorphic probes have target 

!0 DNA fragments, which vary in length after being cut 
with restriction enzymes 23 . These polymorphic probes 
are either restriction fragments or minisatellites. 
The present invention uses probes directed at 
nucleic acid seguences whose presence varies in the 

5 population, referred to hereinafter as Multiple 
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Presence Polymorphisms (mpp) . 

In 1985, Jeffries* reported that simple 

mtnL«ell\ tltiVe re9l ° nS ° £ DBA ' al8 ° »—» « 
»1» h °" ed *«—»*- lament length 

polymorphxsm between human individuals. Smttri „ 
proposed that this probe, i„ combination v lZ 
several restriction ensyme sets, could be used to 

the uni^e patters ^ ZZUTjT^ ^ 
.uman identification and -^S^T.^^ 

associated with it: Prauems 

1. Time-consuming—reguires one 
week or more to complete. 

2- Difficult to perform-more than 
one hundred steps. 

3- Requires highly skilled and 
knowledgeable technicians. 

4. Not standardized—variable 

results from test to test and 
from lab to lab. 



5. 



Inaccurate measurements— results 
require measurements of DNA 
fragment length, which varies 
with the particular 
electrophoresis conditions, 
temperature of buffer and 
environment, type of agarose gel 
used. Length measurement is 
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also a highly subjective 
determination of the position of 
the DNA band. 

Therefore, there is a definite need for a 
diagnostic or detection technique that is easy to 
perform, relatively fast, does not require 
significant expertise, and requires no subjectivity 
of interpretation. The present invention solves 
these needs by consisting of relatively few steps 
with only routine laboratory skills required, by 
being easily automatable through modification of 
instrumentation currently available on the market, 
and by providing results in about one day. Also, 
the results are measured in standard laboratory 
15 readers, such as an ELISA plate reader, 

spectrophotometer, fluorescence photometer or 
similar instrument. The results do not require any 
user interpretation; the output measurement converts 
to a numerical 1 (positive) or 0 (negative). 

20 Summary of Invention 

A plurality of novel Multiple Presence 
Polymorphism (MPP) probes is used in an ordered 
series of nucleic acid hybridization tests. The 
combined positive and negative results reveal a 

25 pattern. This pattern is individual specific and, 
therefore, is a Personal Identification Pattern 
(PIP) . Specific nucleic acids used as MPP probes 
are directed against . genetic polymorphisms that 
exhibit limited presence (or absence) in the 

30 population under examination. 
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Description of Figures 



Figure l: 



Figure 2: 



Figure 3: 



Probability of Individual Sequence 
Repetition During the Test 

Effect of individual Presence 
Polymorphism on Overall Pattern 
Repetition Frequency 

Conventional Microtiter Plate 
Configuration 
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specific Description of the invention 

filing hy K, U , ti p le PrPse n^s e^o^o^Ei^ 
time! 

time-consuming and difficult to standardize and 
control southern blot. The method may replace the 

TsZlTT ° f Fin — ^^g Lh^e th": 
is simple and rapid to perform, requires no 
interpretation, and produces results that are easy 
to computerize. y 

A new method, according to the invention, tests 
by nuclexc acid hybridization for multiple, 
different nucleic acid sequences, which are 
polymorphic in terms of their Eresejige in the 
general population, rather than in terms of fragment 
^m- By analysis of „pp, nucleic acid se^enc!s 

"li b e it r rr e in a popuiation ° f ™^ 

pSern t 1P °* ° f *»* "entity or 

paternity can be determined. 

The test system exceeds the pattern uniqueness 
ass„ clat d wlth current Southern Wott Jg*~ 

and xs standardised for paternity or forensic 
purposes. Furthermore, the pip system is far 
superror to complex non-standardized Southern 



blotting, in part because it consists of simple 
positive or negative results. Also, background is 
not significant with specimens of sufficient 
quantity. 

This invention includes a method for 
identifying an individual by multiple nucleic acid 
hybridization tests, without the use of gel 
electrophoresis and the Southern blot. 

The method comprises 

a. determining the presence of a plurality of 
nucleotide sequences (whole genes, fragments of 
genes, polynucleotides or oligonucleotides) 
within an individual, using a plurality of 
probes for MPPS in individual tests, each 
directed toward a unique nucleotide sequence, 
and 

b. including hybridizing (binding) the probes 
to disrupted or extracted specimens from the 
individual, followed by separating hybridized 
probe and target from unbound probe (or the 
unhybridized label is otherwise eliminated) , 
and 

c. detecting the hybrids by any suitable 
measuring system, where 

d. positive signal indicates the presence of 
a particular nucleic acid sequence in the 
individual; and the positive and negative 
hybridization results, taken as a whole and 
ordered string, provide a unique pattern 
("fingerprint") for that individual, called a 
Personal Identification Pattern (PIP) . 
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After testing for the presence of each aene m 
* specific configuration, such as in a Lcrot iter 
Plate the outcome reveals a pattern of posTt^e or 

::T-:zT' or rssrjr 

sim^i^ I negative) and converted to a 

simple bar code. Thu« ^ 

an, compare, ls Patter "' te - W 

The preferred nucleic »r*irt «~ 

exhiMt P o lTO L:^^:;~ c r those 

absence in ~ regara to presence or 

can be humaf * 0 ^ion (the population 

can be human, equine, murine, plant or am, 

organism) , where the freguencv IT 

The s e „ s i tlvity of detection fro* a typical 
blood specie i s sufficient to allow detection 

(PIP . But for forensic applications with lifted 
spec the regions around the probes may bl 

amplxf xed by one of a variety of target 
amplification methods. Alternatively, the sionai 
»ay be amplified to increase detection 
measurable level. 
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^ SPeCifiG ^leic acid fragments used as 

llT^t ir *V against 9enetic ^r.LZ 

that exhibit linated "presence., (or absences in t K a 
population under examination. ' ^ 
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These are called "Presence" Polymorphisms, and 
the use of several of these to develop a PIP is 
referred to as Multiple Presence Polymorphisms 
(MPPs) . These nucleic acid probes may be any 
5 length, such as whole genes, gene fragments, or 

short synthesized DNAs . m the preferred embodiment 
of the invention, these nucleic acid probes consist 
of synthesized DNA oligonucleotides and 
poly-nucleotides from about 10 to about 30 
10 nucleotides long, one skilled in the art will 

recognize that probes of other size and/or type may 
also be employed. 

The preferred class of candidate genes comes 
from RFLPs . By definition, RFLPs contain a 
15 restriction site that is polymorphic. By isolating 
and sequencing the region around the polymorphic 
enzyme site, probes are rapidly obtained that carry 
alterations in at least one base pair. Over 850 of 
these RFLPs have already been identified and most of 
20 these have had preliminary data showing the 

frequency of variation in the population 9 . Many 
hundreds of these exhibit RFLP frequencies that are 
useful for MPPs. Of these RFLPs, those that exhibit 
single bands on Southern blots are preferred MPP 
25 probes, because it is easier to determine 

hybridization conditions that differentiate between 
100% homology and 95% or less homology. 

Another group of genes from which MPP probes 
may be isolated are genes that exhibit a high degree 
30 of variation in the human population due to dominant 
and recessive traits, such as genes for brown eyes. 
Individuals with blue eyes completely lack the genes 
for brown eyes. Genetically dominant genes, like 
brown eyes, are good candidates for MPP probes. The 
reason is that in individuals lacking the particular 
phenotypic trait, these genes usually are completely 
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absent 



TT,- " My *— * of to is type have been 

- r -it =tj sr£ 

acquired disease nutation* such as has been done for 
^oncogene These probes ^ 

as these mutations occur upon development of the 
disease, which would result in an individual- Tin 

inhered *T ^ ^ — ^ — t 

Present !t ^ e :r S ' ^ *" ° n »"»«ons 

present at birth, are potential MFP probes. 

inh V :r";d t di e s" PreSen0e '• ° f » 

■jnher,t.d dxsease may be too low to be useful as 



? e 5?. rl ! , i nins **" Probability of 
individual Sequence BgBatifci 



The frequency of -Presence" Polymorphism 
associated with the specific mpp prones^ay be 
determined for the population of organises being 
evaluated by nucleic acid hybridization, 
hybridization format used is not critical to the 
frequency of appearance in the population. Any 

filter" T teChn0l °^' ™* as liquid, dot, slot, 
mtw, capture or sandwich assay may be used to 
provide accurate results. The process may be 
Performed using Southern or Northern blots, but 
these are not preferred, on a micro scale the 
process, according to the invention, is performed 
an in ^ hybridisation test on whole eel" 

critioiTf ^ dete0t "»"—»'»" Polymorphisms are 
critical to MPP Analysis. Many nucleic acid 



sequences have potential to detect these sites. An 
MPP probe has a positive hybridization result in 
less than 100% of the individuals of a population. 
In the preferred embodiment of the invention, the 
MPP probes have a "presence" frequency in the 
population of 20% to 80% with the optimum probe 
being present in 50% of individuals. This is 
explained below and in Figures 1 and 2. 

The "presence" frequency of an individual MPP 
probe is determined empirically by testing it in a 
statistically significant number of different 
individuals (for example 500 to 1,000). Assume that 
an MPP probe appeared 700 times out of 1,000 random 
individuals tested. The Empirical Presence 
Frequency (f) is 0.7 (70%). This value is used to 
determine the probability that a match would occur 
between any two individuals in a comparison of PIPs. 
The probability is calculated according to Equation 
1. 

Equation 1; 

Determine the probability (X„) of each probe 
result being repeated during the PIP test. The 
probability of a particular sequence being 
repeated during the test is defined by Equation 
1, where f is the empirically determined 
frequency of the particular sequence in the 
general population. 

(f) (f) + (l - f) (1 - f) = x, 

where x„ is the Probability of an Individual 
Sequence Repeat in the general population for 
this particular sequence. 
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^"""Pl*; . where f = 0 .7 

X, - (0.7) (0.7, + (0.3,(0.3, » 0.58 

5 Frequencies trol l tTTs £ *~ 

or the Probabllity o ; /: e ;;^ 0 s 0% if r is ° 

xn^ ual y s :^:; Repeat :r at Tr iity ° f - 

Probability of a p^! deter " lne the overall 

^is probability ITSSf ^ ^ P ° PUlati °- 
2. Y calcul ^ed according to Equation 

Pa??Sn n pS J h f. lability of 
Q- KepetTtion in a ^ n -, t ,, 

a function o* (1) toe nX ^ " w tT"™ ^ 

earth (about s ^i"? °* the 

number ' of proL ^ e P ^ e, th by 
attorn petition ^TlL^T^Z °* 
Wtionaxx, un ique . In accost ^"th" '° "* 
mention. » f number of probes ^ 
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practicality sake, a sufficient number of probes is 
used to achieve a statistically significant level of 
uniqueness. As used herein, a statistically 
significant number can be any number depending on 
the user's intent, but is preferably greater that 
about 20 probes. Although the upper limit of probes 
used need not be defined, 90 probes is the current 
commercial limit because the preferred embodiment of 
MPP Analysis is in a 96-well microtiter plate. 
Thus, allowing 6 wells for controls, the test 
preferably uses up to 90 wells for MPP Analysis. 
The preferred embodiment comprises from 20 to 90 
probes. For MPP analysis with 90 probes, the 
Probability of Pattern Repetition can be less than 1 
15 in 10", as shown in Figure 2. This far exceeds any 
known application. 

Figure d shows the results of calculating the 
Probability of pattern Repetition using Equation 2. 
As can be seen, this curve also has its limit at a 
20 "presence" frequency of 50% (0.5). At this presence 
frequency, the Probability of Pattern Repetition 
with 90 probes at 50% presence frequency is less 
than 10- 27 . 

Equation 2; 



25 



Determine the probability of a particular set 
of probe tests being repeated in the 
population. The probability of an ordered set 
of results (a pattern) being repeated in the 
general population is the multiple of all 
30 ^dividual sequence repeat probabilities. This 

is formulated by Equation 2, where X,, Xj, X 3 
through X,, are individual sequence repeat 
probabilities calculated from Equation 1. 
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W (x 2 ) (x 3 ) . . . (Xa) . p 

where P is the Probability of Pattern 
Repetition in the general population. 

Ssafflplej. where all X's = 0.5 and 90 
sequences are analyzed, when all x's = o 5 
the probability of a pattern repetition is at 
its minimum. 



(0 . 5,) ( 0 . 5 2 ) ( 0 . 5 3 ) 



(0.5 M ) = (o.5)*» 

= 8 X 10- 28 
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used to 8 /," 8 re£errea t0 ln ™* invention can be 
used to determine both identity end paternity Kite 
Bay contain reagents, filters, plates, ana eii the 
necessary probes to perform an analysis. A11 the 
Probes are used simultaneously; but in distinct 
tests, such es in a microtiter plate, to produce a 

wnicTi Patt r °* P ° SitiVe — " e9ati - 

whxch is calied a personal Identification Pattern 

invent" ln * «* will recognise that the 

invention may comprise a kit. Kits are for 
detection of "presence" polymorphisms and may 
contain Multiple Presence Polymorphism probes, 
filters or plates, and reagents for processing i„ 
accordance with the invention. The test system 
comprxses a set of nucleic acid probes (the greater 
the number o, probes used the less the likelihood of 
pattern repetition) , such probes being used in a 
manner that permits hybridizing separately to 
portions of the test person's nucleic acids to 
provide separate results for each probe test, so 
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that by combining the test results in a 
predetermined, ordered sequence, such as in a 
microtiter plate format, the results form a pattern 
that is unique for the individual being tested, a 
PIP. The reagents include a) materials for 
processing, such as a) filters or plates, b) 
solutions for hybridizing, washing, and detection, 
and c) specific nucleic acid probes for MPPs, and d) 
DNAs and probes for positive and negative controls. 

Labels 

Many different types of labels are used 
effectively with MPP probes. A good description of 
the many labels and their accompanying labeling 
methodology is contained in DNA Probes by Keller and 
Manak 5 . Examples of various labels include biotin or 
any of its derivatives, f luorophores, 
chemi luminescent or bio luminescent tags, 
digoxigenin, enzymes, mercury, haptens, bromine, DNA 
binding proteins, Europium-psoralen, lanthanides, 
modified aminos, modified nucleotides, sulfonates, 
AAIP, DNP, radioisotopes, or other molecules that 
can be subsequently detected 5 . Probes are labeled by 
techniques including, but not limited to nick- 
translation, photoaffinity labeling, random priming, 
direct enzyme linking, end labeling, chemical 
modification, tailing, transcription, direct 
synthesis, or conjugation*. 

Cell Lvsis/Nucle ic Acid Extraction 

Because determination of MPPs does not require 
restriction enzyme digestion, the specimens do not 
need to be highly purified. This permits simple 
cell and organism disruption without nucleic acid 
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e ' 5I?S ' or other surfactants. 
Nucleic frcitl r ar +„ rr 

are »2« T"' aS bribed above 

are used dxrectly in the hybridization reaction with 
capture or sandwich assays or filtered to capture 
the saaple nucleic aoids for dot, spot, or 

filter disrupt them on the 

niter (filter in situj . 

Mani^^T* 1 " 9 ^ " e ^ DOt Wot or ««* Blot 
dir^ ! £ S ; i : 1 " Ple SPOt bl ° ts the M „if old , 

net*!* " bl ° ttin 9 « or other 

methods. These procedures are described In I 
varxety of Lab Manuals and text booked 

Hybrid -i nation t?^^ nn 

^"TViZ^TT^ dif£erent blndin * 

^ addition, the percent homology 

chosen L bybridiZati ° n "shin, conditions 
chosen for HPP are able to differentiate between 
presence or absence of a specific nucleotide 
sequence or portion of that sequence used for the 
probe. Establishing these conditions sets the 
strxngency Appropriate hybridisation conditions 
^bridi^r USin9 £ ° raUl " in 

conditions are e,n P i r i C ai ly determined with each 
individual probe. 
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Detecti on /Measurement 

After hybridization, the detection system used 
may be radioisotopic or non-isotopic such as 
colorimetric, f luorometric, or luminescent. The 
only criterion is easy detection above background. 
Detection methodology depends on the nature of the 
label used to modify the probe. 

Hybridisation Formulas 

Equation 3: Determining the melting point 
temperature (T n ) for DNA:DNA Hybridization using 
Long Probes. T m is the point at which the DNA:DNA 
hybrids begin to separate (denature) into single 
strands. 

T M = 81.5*C + 16.6 log M + 0.41 (%G+C) - 
0.7(%Formamide) 

where M = [Na + ] in moles/ liter 

Example; for a probe of 250 bases containing 
45% G+C, in 1M Na + and 50% formamide: 

T n = 81.5 + 16.6 log (1) + 0.41 (45) - 0.7 (50) 

T m = 81.5+(0) + 18.5 - 35 = 65°C 

Equation 4: Determining the optimum hybridisation 
temperature ( Ti T v, ) for DWA;r> WA Hybridization iising 
Lonq Probes. This is the temperature at which the 
hybridization reaction should be performed. 

T hyb - T. - 20»C 
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Using the example from above gives: 

T byb ~ 65°C - 20°C = 45o C 

.Equation Det^^.,-^ the T _ fQr 
.oligonucleotide prab^ of ^J_tg 

fo-ula for short p^bes has been empirically* ^ 
determined; it is a function of the relative^ 

"SLrnr of tte probe and 



4°C per gc pair 



+ 2°c per AT 



pair 



using a 20-mer with a cc content of 
50%, the T„ would be determined as follows: 

T» = 4»C(10) + 2<»C(l0) = 60»C 

^uaiipn^. Sei^nin^^ 



55°C. 



Therefore, Tj(yb for the above 20-mer would be 



20 



Example l. 

^ The following is an example using DHA 

of^e :: e "^- ln a Miorotiter ° ot B lot % o Lt. „a„ y 

T " ^"tory manuals such as Hania^ et 
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Specimen for Human DWA Profiling 

Blood, semen, tissue, or any specimen 
containing nucleic acids will be used. Cells will 
be disrupted to liberate the nucleic acids in a 
medium that prevents their breakdown. The nucleic 
acids may or may not be extracted, depending on the 
requirements of the specimen or organism. 

Nucleic Acid Eyf.T-*o> i qj . Frem whole blood 

1. Collect blood specimen in EDTA anticoagulant. 

2. Centrifuge blood at 400 x g f or 5 minutes at 
room temperature to separate the red cells from 
the white cells. The white cells will form a 
layer on top of the red cells. Carefully 
remove the white cell layer with a Pasteur 
pipette and place into a new polypropylene test 
tube. 



3. Resuspend cells and add Lysis Buffer (20 mM 
Tris-HCl, pH 7.5; 20 mM NaCl; 20 mM EDTA) to 
bring the total volume to 2 ml. Lyse cells by 

20 adding 0.1 ml of 10% SDS. 

4. Add 0.2 ml of 20mg/ml Proteinase K. Incubate 
at 50«C for 1 hour to digest proteins. 

5. Extract nucleic acids by adding an equal volume 
(2.3 ml) of PCI (phenol: chloroform: isoamyl 

25 alcohol; 25:24:1) and vortexing vigorously for 

1 minute. Centrifuge for 10 minutes to 
separate the two phases. 
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«• Transfer the upper, aqueous layer to a new 
tube. B-v*.— • ,,ew 



7. 



8. 



10 



15 



Extract again with an equal volume of pci. 

Again transfer the upper, aqueous layer to a 
new tube. Add an equal volume of 
chloroform:isoamyl alcohol (24:1, and vortex 
for 1 minute. Centrifuge for io minutes. 

Transfer the aqueous layer to a new tube. Add 
1/10 volume (0.2 ml, of 2 m Na Acetate, pH 5.0 
and 2 volumes of ice cold 100% ethanol. 
incubate at -20-c for at least i hour. 
Centrifuge for io minutes in a microfuge. 

carefully remove the ethanol from the tube 
leavxng the DNA pellet. Wash the pellet by 
adding 2 ml of cold 70% ethanol and gently 
vortexxng. Centrifuge for io minutes in a 
microfuge. 

carefully remove the ethanol and drain the 
excess ethanol by inverting the tube onto a 
paper towel or by drying under vacuum. Do not 
allow the pellet to become completely dry or it 
wxll by difficult to redissolve 



10. 



11. Dissolve the DNA/RNA in o.s ml of io mM 
Tris-HCl, P H 7.5, 1 mM EDTA. 



OPTIONAL REMOVAL OP RNA STEPS 12- 



16 



25 



oo a ^ 9 0 " ^ "PP"-***"*- RNA may have 

positive or negative benefits. Therefore, this 
procedure win be performed to remove the rna when 
neoessary. Removal of kka My be neoessar f * f 
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MPP probes cross react to ribosomal rna or some 
other RNA resulting in background. 

12. Add RNase A to a final concentration of 100 
ug/ml and incubate at 37 °C for 30 to 60 

5 minutes. 

13. Add SDS to a final concentration of 0.5% and 
Proteinase K to a final concentration of 100 
ug/ml. incubate at 37«c for 30 to 60 minutes. 

14. Extract the solution with PCI as in steps 4 and 
10 5. 



20 



25 



15. 



Extract the solution with Chloroform as in step 
7. 



16. Precipitate, wash, and redissolve the DNA as in 
steps 8-11. 

15 17. store the DNA solution at -20°C. 

Blotting the Nucleic Acid* »n a m^v^^ 

The individual's DNA sample will be split into 
multiple different parts (up to 90 depending on the 
number of individual probe tests to be performed) . 
The specimens will be blotted onto a membrane filter 
to prepare for hybridization with multiple different 
probes. 

The preferred method to perform the blotting is 
in a Microtiter Dot Blot format using a Millipore 
microtiter plate with a nylon membrane attached to 
the bottom of the wells (or the equivalent from 
other manufacturers) . This type of plate will 
permit filtering, hybridizing with different probes 
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in each well, and washing of samples without 
IZTZ^T (Cr ° SS C ° nt ™- « bleeding, from 



other wells. 
18. 



19. 

10 

20. 



15 

21. 
22. 



Assemble a Vacuum Plenum apparatus suitable for 
use wxth the microtiter filter plate (any of 
the commercially available 96-well Vacuum 
Plenums will suffice) . 

Place the microtiter filter (nylon, plate into 
the plenum. Wet the membrane with 0.5 M NaOH 
by adding 0.2 ml to each well. 

Remove a sample of the individual's nucleic 

IT* TT 0 " ^ ^ add± ^ 10 M NaOH 

to a fmal concentration of 0.5 M. If rn A is 

in the sample, continue to step 21 without 

delay or the RNA will be destroyed. 

Add 200 ul of the denatured nucleic acid 
solution to each well being tested. 



Apply a vacuum to the manifold to suck the 

contents of the wells through the porous 
membrane. The nucleic acids will bind to the 
membrane. 

8TEP " SE " 1T " *"* ~™M»™S SAMPLES 



25 



23. Add 200 ul of 1 M Tris-HCl, p H 7.0 and filter 
as in step 22. 

24. After the samples have been completely removed 
from the well S/ disassemble the apparatus and 
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bake the membrane at 60°C for 30 minutes or air 
dry completely. 

Labeled Probes 

The Probes will be composed of either DNA or 
5 RNA. The probe labeling methodology used will 
depend on the type of label employed. The only 
requirement for the label is definitive 
detectability above background. The preferred label 
will yield a color change on the filter that can be 
10 easily measured in a standard ELISA reader. For 
example, biotinylated probes will be suitable for 
this type of detection system. For labeling 
oligonucleotides, chemical attachment 5 or 
photo-biotinylation 5 yields the best probe. 

15 Hybridis ation Rear*-^ 

The oligonucleotide probe, containing a label 
that will be subsequently detected, will be added to 
the medium containing the target (individual's) 
nucleic acids. The solution will be incubated at 

20 appropriate hybridization conditions, including 

salt, formamide, temperature and time to allow the 
probe and target to combine (hybridize) . 

The preferred Prehybridization Solution for 
working with nylon membranes will contain the 

25 following chemicals: 

Yeast tRNA (sonicated herring 
sperm DNA may be substituted if 
filtration to remove reagents is 
not used for subsequent steps) 
Ficoll 

Bovine Serum Albumin (or Glycine) 



0.1 mg/ml 



30 o.2% 
0.2% 
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0.2% 



15 



20 



25 



30 



Polyvinyl Pyrollidone 
6X ssc (sodium chloride, sodium 

citrate) 

1% SDS (sodium dodecyl sulfate) 

25. Prehybridise all veils of the membrane with the 
appropriate Prehybridisation solution to TxoT 
non-specific binding of the probes, in the 

solut rred Pr ° CedUre ' to * ^bridisation 
solution i S the same as in the hybridisation 

^.^T' at 37-c for 30 to 

26. Following prehybridisation, remove the excess 
solution by filtering Wtt vacuum or bv 
pouring out the solution. 

fnt-T We " S ° ne time with 6X ssc - »" 

filter to remove excess reagent. 

„. f In f e "i<=«titer Dot Blot format, it i« 
preferred that the temperature used for 

^is ri wiu at l°: W8Shln9 " — *°* an wens. 
This will make processing much easier. The 

stringency of the reaction, which will set the 
deseed probe specificity (or percent homology, , 
will he controlled by the salt or formamide 
concentration, (see Hybridisation Formula, above 
for detailed conations showing how to determine L 
appropriate hybridisation conditions., 

The hybridisation conditions will be able to 

Palrs^"! 6 bet " een °"^-otide. of 20 base 
Pairs with 100* homology to the target nucleic acid 
segnence from targets exhibiting 05% homology or 
less. The approximate reaction conditions for this 
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degree of distinction with 20-mers is shown in the 
following example. 

The preferred hybridization Solution for 
working with nylon membranes will contain the 
following chemicals: 

Yeast tRNA (Sonicated Herring 
Sperm DNA may be substituted if 
filtration to remove reagents is 
not used in subsequent steps) 
Ficoll 

Bovine Serum Albumin (or Glycine) 
Polyvinyl Pyrollidone 
SSPE 

SDS (sodium dodecyl sulfate) 
Formamide (50%) 
Dextran Sulfate (5-10%) 

There are many variations of this basic 
reagent. The final concentration of these reagents 
will depend upon the membrane material (nylon, 
nitrocellulose, or paper), the length and GC content 
of the probes, and the type of label used (eg. 
radioisotope, biotin, luminescent, etc.). 

28. Mix each labeled probe (30 to 90 different 
solutions will be prepared) into the 
Hybridization Solution to the appropriate final 
concentration (the final concentration depends 
on the nature of the label). For biotinylated 
probes use o.l to 0.2 mg/ml in the 
hybridization Solution. 

29. Place 0.2 ml of Probe Solution 1 into Well l, 
0.2 ml of Probe Solution 2 into Well 2, and 



0.1 mg/ml 



0.2% 

0.2% 

0.2% 

6X 

1% 

Optional 
Optional 
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continue until all Probe Solutions have been 
added • 

30. incubate at the appropriate temperature for the 
specific probe length and hybridization 
Solution used. For a biotinylated 20-mer with 
a 50% GO content in the Hybridization Solution 
described above without f oroide or dextran 
sulfate, the T^, will be about 55<»C (see 
Hybridisation Formulas above for calculations, . 

10 31. Hybridize for 16 hours at 55-c. 

Washing 

_ Excess, unbound probe will be eliminated by 
Physical separation or by another means, such as 
chemical degradation, to destroy unbound probe, 
fining probe, which will be hybridized to its 
specific, complementary sequence, will be detected. 

Remove the excess Hybridization Solution by 
pouring out the solution. 

Rinse each well three times with Wash Solution 
(0.2 ml of o.ix ssc, i% SDS) at room 
temperature to remove unbound, excess probe 
The wash solution concentrations may be varied 
to accommodate different probes at the same 
washing temperature. * 

For the final high stringency wash, add 0.2 ml 
of Wash Solution to each well and incubate at 
55-c for 30 minutes to remove mismatched probe. 
Filter or pour off the excess wash solution. 
Repeat this wash one time. 



15 



20 



32. 



33, 



25 34. 
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Detection 



Detection methodology will depend on the nature 
of the label used to modify the probe. A typical 
method for developing biotinylated probe signal is 
described below. It is important not to let the 
membrane completely dry between anyof these steps. 
All incubations will be at room temperature. 

35. To each well add 0.2 ml of Blocking Solution 1 
(3% BSA in 50 mM Tris-HCl, pH 7.4, 20 mMNaCl, 
0.3% Tween-20, 0.01% Thimerosal) and incubate 
for 15 minutes. 

36. Filter or pour off the excess Blocking 
Solution. To each well add 0.2 ml of Enzyme 
Conjugate (1 ug/ml alkaline 

phosphatase-streptavidin conjugate in Blocking 
Solution) and incubate for 10 minutes. 

37. Filter or pour off Enzyme Conjugate Solution. 
Wash each well 3 times in 0.2 ml of Washing 
Solution 2 (50mM Tris-HCl, pH 7.4, 20mM NaCl, 
0.3% Tween-20, 0.01% Thimerosal) for 5 minutes 
each. Filter or pour off Washing Solution 2 
between each wash. 

38. Add 0.2 ml of Substrate Solution (NBT/BCIP) to 
each well and incubate for 15 minutes to 2 
hours in the dark until color develops. 

39. stop development by washing each well in 
deionized water. Dry the wells on filter 
paper. 
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e 2. 



This technique will substitute 

5 S^ution. f ° r „ S ° diu " c "»«e 1» the hybridisation 
solution. All other steps will b . ths saM 

l - -i* c»a„ge avoids the effe of 

ZZT l oc content on the = tab "^ °* SSL 

formed, will be useful for preparing MPP 

10 nlef 5 T UEB ^ ""^nucleotide seguences do not 
need similar %gc content to perform similarly i n ~. 
hyhridization reaotion. The reagent system 2 

* ^ alt «-"ve method has been 

previously applied to the analysis of ras oenl 
mutations in human colorectal cancers" 

15 Hymamsatl aa Bsast iap 

As in Example l, the biotinylated 

containmg the target (individual's) nucleic acids 

» ZrlTt 0 " ^ in=Ubated «* appropriate 

hybridization conditions, including the 

Hybridization Solution described below. The 
temperature and time to allow the probe and target 
to combine (hybridise) are discussed below 
.5 „ v f referred hybridisation Solution for 
5 r*"? With n «°» membranes will contain the 
following chemicals: 

0.1 mg/im Yeast tRNA (sonicated herring 

sperm DNA may be substituted if 

o filtration to remove reagents is 

not used f « subsequent steps) 
Ficoll 



0.2% 
0.2% 
0.2% 



Bovine serum Albumin (or Glycine) 
Polyvinyl Pyrollidone 
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3M Tetramethylammonium Chloride 

50 mM Tris-HCl, pH 8.0 

2 mM EDTA 

1% SDS (sodium dodecyl sulfate) 

5 25. Prehybridize all wells of the membrane with the 
appropriate Prehybridization Solution to block 
non-specific binding of the probes. In the 
preferred procedure, the Prehybridization 
Solution is the same as is used during 
10 hybridization for each probe. Prehybridize at 

56°c for 30 to 60 minutes. 

26. Following prehybridization, remove the excess 
solution by filtering under vacuum or by 
pouring out the solution. 

15 The hybridization conditions have been 

determined to differentiate between oligonucleotides 
of 20 base pairs with 100% homology to the target 
nucleic acid sequence from targets exhibiting a 
single base pair mismatch. Although the exact 

20 reaction conditions will be determined empirically, 
the approximate reaction conditions for this degree 
of distinction with 20-mers is shown in the 
following example. 

27. Mix each labeled probe (30 to 90 different 
25 solutions will be prepared) into the 

Hybridization Solution to the appropriate final 
concentration (the final concentration depends 
on the nature of the label) . For biotinylated 
probes use 0.1 to 0.2 mg/ml in the 
30 Hybridization Solution. 
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28. Place 0.2 ml of Probe Solution 1 into Well 1 
0.2 ml of Probe Solution 2 into Well 2, and 
continue until all Probe Solutions have been 
added* 

5 29. incubate at the appropriate temperature for the 
specific probe length and hybridization 
solution used. The T w win b e about S6-C ( see 
Hybridization Formulas above for calculations) . 

30. Hybridize for 1 to 16 hours at soc. 

10 Washing 

Excess, unbound probe will be eliminated by 
Physxcal separation or by another means, such as 
chemxcal degradation, to destroy unbound probe 
Honing probe, which will have hybridized to its 
specxfxc, complementary sequence, will be detected. 

31. Remove the excess Hybridization Solution by 
pouring out the solution. 



15 



20 



32 



33. 

25 



Rxnse each well three times with Wash Solution 
1 (0.2 ml of 2X SSPE, i % sds) for about 5 
mxnutes at room temperature to remove unbound 
excess probe. The Wash Solution concentrations 
may be varied to accommodate different probes 
at the same washing temperature. 

For the final high stringency wash, add 0.2 ml 
of Hxgh salt wash Solution (5X SSPE, i.o% SDS) 
to each well and incubate at 59 -C to 73 -c 
(depending on the probe) for 5 minutes to 
remove mismatched probe. Filter or pour off 
the excess wash solution. 
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34. Wash filters twice in Hybridization Solution 

without 0,2% Ficoll, 0.2% Bovine Serum Albumin 
(or Glycine) , 0,2% Polyvinyl Pyrollidone, or 
Yeast tRNA(or DNA) for 1 hour at 59°C to 60°C. 

5 Results of Examples ^ or 2 

Positive results will be indicated by a signal 
that can be discriminated above background (negative 
control) . With biotinylated probes and alkaline 
phosphatase conjugates, the signal will be 

10 purplish-blue • 

Positive results will be scored as a 1, and 
negative results will be scored as a 0. Results 
will be entered into a computer program according to 
a previously determined configuration for comparison 

15 to other patterns. A typical microtiter plate 
pattern is shown in Figure 3. 

Analysis of fiepults 

a. For Individual Identification 

A single individual will exhibit a stable 
20 pattern of positive and negative results with a 
specific probe set (for practical reasons in a 
microtiter plate, this will be up to 90 MPP probes) . 
This individual will give the same pattern in any 
analysis. Therefore, comparison to previous results 
25 will aiways reveal the identical pattern for the 
same set of gene fragments. All common specimens 
taken from separate tissues of the same individual 
will exhibit the same pattern. The exception will 
be identical twins. No two non-identical 
30 individuals will have the same pattern if sufficient 
number of MPP probes is used to achieve a level of 
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30 



35 



uniqueness of less than 1 i n io«° rj sin „ m 
with a presence frequency of 0 5" ! 
requires according^ Ration 3 ^ ™ 

with a "present.. * x * 3uaT:ion 2 - Using probes 

«.e ^esence. freguenc/ ^ ' -T"' 
Pro.es U se a determine the „ unigueness ^ 

exhibit different HLA DQ-aLh. f "** " *""» 

i*able forms J ^x^^T ~ 6 

' Vlctlm * and assailant. This inf 0 ™ a 4. • 
can be used to rule 0 „<- e information 

used to identiff^^ 6 SUSpects ' >ut cannot be 
ranoe ! ■•. aspect with much accuracy. The 

ranqe of probabilities for idon*^ ^ 

Jtr^ Tup L n T or r ™ s 

Also care is taken to avcid mpp probes that 
detect mutagenic diseases, such as in L- 
colic " as ln cancerous 

^.■^-^ 

result- f„ • v. alteration would 

result ln a change to the individual's PIP 

fun,* POr WPS ' nMber ° f HPP P«»** -sad is a 

ReoetiT f e of individual Seguence 

Patf T "** Pr ° be ' and '«» Probabilitfc" 
Pattern Repetition needed by the us.. . 1 

above in specific Description of Z r 
Practical reasons using 

the number of mpp «>-«k p e format, 

important use ofpiPs is ^ 90 ~ ^ °»« 

Wood. sperm or othlr t ssuVsampts b^T *~ 

j-ssue samples by matching 
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unknowns with specimens taken from the suspect 
individual. 

b. For Paternity 

Similar to PIPs, the number of MPP probes used 
for paternity determination is a function of the 
Probability of Individual Sequence Repetition of 
each probe, and the Probability of Pattern 
Repetition needed to establish the relationship. 

Comparison of patterns between the mother and 
child will reveal differences in results of specific 
genes. Comparison of these different genes with the 
presumptive father will show whether these genes 
came from the father. A potential match will be 
achieved when the father contributes all the genes 
that are different from the mother. 

In some cases the number of Child's genes which 
differ from the mother may be only a few. This has 
the effect of increasing the number of potential 
fathers who could have a perfect match. Therefore, 
it is desirable to determine the probability that a 
match is unique. The probability that the putative 
father is the real father is determined from a 
combination of frequencies of the child's genes that 
differ from the mother. 

If the number of gene variations from the 
mother is sufficient, then a probability will be 
determined that the presumptive father is indeed the 
father. The required exclusion frequency is 
probably no more than 1 in 10 10 . Using MPPs with a 
Presence Frequency of 50%, this exclusion frequency 
requires 16 probe differences between the mother and 
child, according to Equation 2. 
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Claims 



10 



A process comprising 

2- The process of claim i „ herein ^ 

nucleotide seance compri e.uenoe ha^ . 

multiple presence polymorphism. 



3 The process of claim 2 wherein the unioue 
nucle otia . sequence coapriaQS 

whxch occur in a portion of the population 

IS 4. The process of claim 1 wherein the probe 
contains at least 10 nucleotides. 

and «7* T 0838 ° f Clal, ° 1 " herein "««een about 20 
and 90 nucleotide sequences are selected. 

6 The process of claim s wherein step » c - of 

"I 1 PrOVidSS " Pattern of positive 

and negative signals. positive 

7 . The process of claim 3 wherein the probe 
sequences are present in about 10% to about 90% of 
the population. or 

25 8. The process of claim 7 wherein the probe 
sequences are present in about 50% of the 
population. 
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9. The process of claim 2 wherein the nucleotide 
sequences exhibit restriction fragment length 
polymorphisms . 

10. A process for determining paternity comprising 
5 a) performing the process of claim 1 for a 

maternal set of nucleotide sequences; 

b) performing the process of claim 1 for an 
offspring's set of nucleotide sequences; 

c) performing the process of claim 1 for a 
10 putative paternal set of nucleotide sequences; 

d) analyzing the results of steps M a w and "b M 
for similarities and differences; and 

e) comparing the differences found in step »d» 
with the results of step M c". 

15 11. A kit comprising: 

a plurality of nucleotide sequences, each 
having a multiple presence polymorphism; and 
a suitable container. 

12. The kit of claim 11 further comprising at least 
20 one of the following: 
a filter; 

a microtiter plate ; 
a hybridizing reagent; 
a washing reagent; 
25 a detection or labeling reagent; and 

nucleotide sequences for positive and negative 
controls. 
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FREQUENCY CO OF SEQUENCE IN POPULATION 

FIG. 2 

SUBSTITUTE SHEET 
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